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(54) Biosensor

(57) The biosensor comprises an electrically insu-

lating base plate (1), an electrode system including a

working electrode (4) and a counter electrode (5) pro-

vided on the base plate, and a reaction layer (7) con-

taining a hydrophilic polymer, an enzyme and an elec-

tron acceptor located over the electrode system. The re-

action layer (7) contains an excess amount of hy-

drophilic polymer in a range of 1 50 to 1 ,000% by weight

of the enzyme, so that the biosensor is free from the

effect of any components which are in a sample solution

in addition to a substrate.
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Description

The present invention relates to a biosensor for fa-

cilitating rapid quantification of a specific component

contained in a biological sample with high accuracy.

So far, various biosensors have been developed as

a system for facilitating simple quantification of a spe-

cific component contained in a sample, without neces-

sitating dilution or agitation of a sample solution.

Biosensors utilizing enzyme reaction use a carrier

that carries or contains an enzyme reaction system.

These biosensors use light, color, or electrical signal as

a means for signal transmission.

An example of the biosensor utilizing the electrical

signal as a signal transmitter is disclosed in Japanese

Laid-Open Patent Publication Hei 3-202764, wherein an

electrode system comprised of a working electrode and

a counter electrode is formed on an electrically insulat-

ing base plate by screen printing or the like, followed by

formation of an electrically insulating layer thereon, then

an enzyme reaction layer containing a hydrophilic poly-

mer, an oxidoreductase, and an electron acceptor is

formed over the above-mentioned electrode system.

Addition of drops of a sample solution containing a sub-

strate as a measuring substance on the enzyme reac-

tion layer causes dissolution of the enzyme reaction lay-

er As a result, reaction between the substrate and the

enzyme proceeds, and the substrate is oxidized, which

in turn promotes reduction of the electron acceptor. At

completion of the enzyme reaction, the reduced electron

acceptor is electrochemically oxidized, and a current

level for oxidation measured at that time is used to de-

termine the concentration of the substrate contained in

the sample solution.

The biosensor having the above-described conven-

tional structure, however, has a drawback that a re-

sponse of the biosensor may vary by the presence of

any components contained in the sample solution other

than the substrate, even when the sample solution con-

tains the substrate at an equal concentration. Taking an

example, the presence of a substance in the sample so-

lution which affects pH value often causes a change in

enzyme activity, thereby varying the response of the bi-

osensor. In the case of blood sample that contains par-

ticle components such as red blood cells, for example,

a difference in the concentration of such particle com-

ponents causes a difference in the sensor response.

An effective method to relieve the difference in the

nature of the sample solution is to decrease this differ-

ence by diluting the sample solution using a dilute solu-

tion. However, this method is not necessarily advanta-

geous from the aspect of ease of operation.

The present invention provides a biosensor com-

prising an electrically insulating base plate, an electrode

system including a working electrode and a counter

electrode provided on the electrically insulating base

plate, and a reaction layer containing a hydrophilic pol-

ymer, an enzyme, and an electron acceptor located over

the electrode system, wherein a concentration of the hy-

drophilic polymer in the reaction layer is in a range of

1 50 to t ,000% by weight of the enzyme.

In a preferred mode of the present invention, the

5 hydrophilic polymer is selected from the group consist-

ing of cellulose ethers, such as carboxymethy I cellulose,

carboxyethyl cellulose, hydroxyethyl cellulose, hydrox-

ypropyl cellulose, carboxyethylmethyl cellulose, and the

like, amylose, and starch.

w In another preferred mode of the present invention,

the enzyme is selected from the group consisting of glu-

cose oxidase, glucose dehydrogenase, alcohol oxi-

dase, alcohol dehydrogenase, cholesterol oxidase, cho-

lesterol dehydrogenase, lactate oxidase, lactate dehy-

15 drogenase, fructose dehydrogenase, ascorbate oxi-

dase, and bilirubin oxidase.

In still another preferred mode of the present inven-

tion, the reaction layer is composed of a first layer con-

taining the hydrophilic polymer and a second layer con-

20 taining the hydrophilic polymer, the enzyme and the

electron acceptor.

In still another preferred mode of the invention, the

hydrophilic polymer included in the first layer is selected

from the group consisting of carboxymethyl cellulose,

25 carboxyethyl cellulose, hydroxyethyl cellulose, hydrox-

ypropyl cellulose, and carboxyethylmethyl cellulose.

While the novel features of the invention are set

forth particularly in the appended claims, the invention,

both as to organization and content, will be better un-

30 derstood and appreciated, along with other objects and

features thereof, from the following detailed description

taken in conjunction with the drawings.

FIG. 1 is a schematic cross-sectional view of a glu-

cose sensor in accordance with the present invention,

35 . omitting a cover and a spacer therefrom.

FIG. 2 is an exploded perspective view of the same

glucose sensor, omitting a reaction layer therefrom.

In the following, the present invention will be de-

scribed more specifically with reference to examples.

40 FIG. 1 is a schematic cross-sectional view illustrat-

ing a biosensor in accordance with the present inven-

tion, omitting the cover and spacer therefrom.

First, leads 2 and 3 are formed by printing a silver

paste using the screen printing method on an electrically

45 insulating base plate 1 made of polyethylene terephtha-

late. Then, an electrode system comprising a working

electrode 4 and a counter electrode 5 made of a resin

binder-containing electrically conductive carbon paste

and an electrically insulating layer 6 made of an electri-

50 cally insulating paste are formed using the same printing

method.

The electrically insulating layer 6 functions to hold

areas of exposed portions of the working electrode 4

and the counter electrode 5 constant, and covers part

55 of the leads 2 and 3.

After formation of the above-mentioned electrode-

related segment, an aqueous solution of a hydrophilic

polymer carboxymethyl cellulose (hereafter abbreviated
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to 'CMC') is dropped over the surface of the electrode

system and the resultant is dried to form a first layer

Then, an aqueous solution of a mixture of the enzyme,

electron acceptor and hydrophilic polymer is dropped

over the first layer and dried to form a second layer con-

taining the enzyme, electron acceptor and hydrophilic

polymer. In this way, a reaction layer 7 composed of the

first layer and the second layer is formed.

As stated previously, addition of drops of an aque-

ous solution of a mixture of the enzyme, electron accep-

tor and hydrophilic polymer over the first layer causes

temporary dissolution of the originally formed first layer.

The hydrophilic polymer in the dissolved first layer is

mixed in part with the enzyme and other substances in

the second layer and the mixture was dried in a half-

mixed state to form the reaction layer 7 containing the

enzyme, electron acceptor and hydrophilic polymer.

However, since agitation is not applied after addition of

drops of the aqueous solution, the mixing does not pro-

ceed completely. This renders the surface of the elec-

trode system covered only with the hydrophilic polymer

CMC. The presence of the first layer containing the hy-

drophilic polymer effectively prevents adsorbance of

protein onto the surface of the electrode system.

After formation of the reaction layer in this way, a

cover 12 and a spacer 11 are adhered to the electrically

insulating base plate 1 in a positional relationship as

shown by a dotted line in FIG. 2. This gives a glucose

sensor.

The biosensor having the above-mentioned con-

struction alleviates an adverse effect caused by the na-

ture of the sample solution, such as induction of a dif-

ference in pH, with the aid of the action of the hydrophilic

polymer, which results in a decrease in variations of the

sensor response induced by any components existing

in the sample solution other than the substrate, or by the

difference in their concentration.

The biosensor responds to both types of sample,

blood and aqueous solution of glucose, and provides a

substantially equivalent current value with both sam-

ples. This is because the biosensor alleviates the effect

on the sensor response by the presence of red blood

cells and serum protein in blood, and prevents migration

of large particle components such as hemocytes into the

reaction layer, thereby trapping them at the level of the

surface of the reaction layer.

The above-mentioned effects can be obtained

when the hydrophilic polymer is contained in the reac-

tion layer in a range of 150 to 1 ,000% by weight of the

enzyme. A concentration of the hydrophilic polymer of

less than 150% by weight of the enzyme results in un-

satisfactory alleviation of the influence by the presence

of the components other than the substrate on the sen-

sor response. Otherwise, a concentration of the hy-

drophilic polymer exceeding 1,000% by weight of the

enzyme makes it very difficult to cause dissolution of the

reaction layer in the sample solution, which prolongs the

time required for satisfactory measurement of the sen-

sor response, and increases variations in the measured

values of the sensor response.

Although the concentration of the enzyme in the re-

action layer is varied depending on the type of enzyme,

s an appropriate content may be 3 to 300 units per unit

area of the working electrode. In a disposable sensor

having a construction as shown in the below-mentioned

example, the content of the enzyme in the reaction layer

ranges from 0.1 to 10 units, that is, 0.5 to 50 u.g in weight

10 in the case of representative glucose oxidase.

In the following, specific examples of the present

invention will be described.

Example 1

is

Here, a glucose sensor is taken as an example of

the biosensor.

As shown in FIG. 1 , the leads 2 and 3, the electrode

system comprising the working electrode 4 and the

20 counter electrode 5, and the electrically insulating layer

6 were formed on the electrically insulating base plate

1 made of polyethylene terephthalate.

After the electrode-related segment was formed, 5

uJ of a 0.25 wt% aqueous solution of a hydrophilic poi-

25 ymer carboxymethyl cellulose (CMC) was dropped over

the surface of the electrode system, followed by drying

for 10 min in a hot dryer at 50°C to form the first layer.

A second layer was formed over the first layer thus

formed by dropping 4 u.l of an aqueous solution of a mix-

30 ture prepared by dissolving 1 0 mg of an enzyme glucose

oxidase (EC1. 1.3.4; hereafter abbreviated to "GOD"),

1 6 mg of an electron acceptor potassium ferricyanide,

and 20 mg of the hydrophilic polymer CMC in 1 ml of

water and the resultant was dried for 10 min in a hot

35 dryer at 50°C to form the reaction layer 7 containing the

hydrophilic polymer, enzyme and electron acceptor. To-

tal CMC contained in the first layer and the second layer

of the reaction layer amounts to 231% by weight of the

glucose oxidase. The amount of glucose oxidase is

40 about 40 u.g (equivalent to about 8 units).

After forming the reaction layer in the above-men-

tioned manner, the cover 12 and the spacer 11 were ad-

hered to the electrically insulating base plate 1 in a po-

sitional relationship as shown by the dotted line in FIG.

45 2. This gave a glucose sensor of Example 1

.

Sample solutions for the glucose sensor were glu-

cose solutions containing glucose at a concentration of

0 to 800 mg/dl, which were formulated with pure water,

100 mM phosphate buffer solution at pH5, or 100 mM
50 phosphate buffer solution at pH7. When the sample so-

lution (3 u.l) is supplied from an opening of a slit 13 on

the spacer which serves as a sample supply port, the

sample solution passes through a sample supply path

defined by the slit 13 up to the level of an air vent 14.

55 Then, the sample solution infiltrates the reaction layer

7, which causes dissolution of the reaction layer 7. The

glucose contained in the sample solution is oxidized by

the glucose oxidase at the reaction layer 7. As a result,

3
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transferred electrons cause a reduction of the potassi-

um ferricyanide, which produces potassium ferrocya-

nide, and the potassium ferrocyanide thus formed are

transferred proximal to the surface of the electrode sys-

tem.

One min after the sample was supplied, a voltage

of +0.5 V was applied between the working electrode 4

and the counter electrode 5 of the electrode system.

Measurement of a current value after 5 sec showed that

the obtained values were dependent on the glucose

concentration in the glucose solution formulated with

pure water, 100 mM phosphate buffer solution at pH5,

or 100 mM phosphate buffer solution at pH7. Current

values responsive to the glucose concentrations in the

glucose solutions formulated with pure water (hereafter

referred to as "pure water glucose solution"), 100 mM

phosphate buffer solution at pH5 (hereafter referred to

as "PBS glucose solution pH5°), or 100 mM phosphate

buffer solution at pH7 (hereafter referred to as "PBS glu-

cose solution pH7") were almost equal.

Blood was used as another sample solution for the

glucose sensor. One min after sample supply, a voltage

of +0.5 V was applied between the working electrode 4

and the counter electrode 5 of the electrode system.

Similarly, measurement of the current value after 5 sec

showed current values dependent on the glucose con-

centration in the blood sample solution. The current val-

ue responsive to the glucose concentration in the blood

sample solution was about 98% of the current value re-

sponsive to the glucose solution of the same glucose

concentration.

Comparative Example 1

For comparison, a glucose sensor having the same

construction as in Example 1 was prepared, except that

the enzyme and the electron acceptor were added to

the mixture for forming the second layer of the reaction

layer, omitting the hydrophilic polymer. The content of

CMC in the first layer of the reaction layer was 31% by

weight of the glucose oxidase. With the glucose sensor

of Comparative Example 1 , the current value responsive

to the glucose concentration in the PBS glucose solution

pH5 was substantially the same as that of the pure water

glucose solution. However, the currentvalue responsive

to the glucose concentration in the PBS glucose solution

pH7 was about 60 to 70% of that of the pure water glu-

cose solution, indicating no linear relationship between

the current value and the glucose concentration. The

current value responsive to the glucose concentration

in the blood sample solution was about 70 to 80% of that

of the pure water glucose solution of the same glucose

concentration. The results suggested that a low respon-

sive current value increases S/N ratio, which causes a

decrease in the measurement accuracy of the sensor,

and that individual difference in blood hematocrit level

causes an adverse effect on the current value of the sen-

sor in response to the glucose concentration.

Example 2

Following the same procedure as in Example 1
,
the

leads 2 and 3, the electrode system comprising the

5 working electrode 4 and counter electrode 5, and the

electrically insulating layer 6 were formed on the elec-

trically insulating base plate 1 made of polyethylene

terephthalate.

In a manner similar to Example 1 ,
after forming the

10 first layer containing the hydrophilic polymer, the second

layer was formed thereon, using an aqueous solution of

a mixture prepared by dissolving 50 mg of hydroxyethyl

cellulose, 10 mg of GOD, and 16 mg of potassium fer-

ricyanide in 1 ml water to form the reaction layer 7 con-

is taining the hydrophilic polymer, enzyme and electron

acceptor. The total content of the hydrophilic polymer in

the first and the second layer amounted to 531% by

weight of the glucose oxidase.

Then, the cover 12 and spacer 11 were adhered to

20 the electrically insulating base plate 1 as in Example 1

.

This gave a glucose sensor of Example 2.

Sample solutions for the glucose sensor were glu-

cose solutions containing glucose at a concentration of

O to 800 mg/dl, formulated with pure water, 100 mM

25 phosphate buffer solution at pH5, or 1 00 mM phosphate

buffer solution at pH7. As in Example 1, one min after

supply of the sample solution (3 uJ) from the sample sup-

ply port, a voltage of +0.5 V was applied between the

working electrode 4 and the counter electrode 5 of the

30 electrode system. Measurement of a current value after

5 sec showed that the obtained values were dependent

on the glucose concentrations in the glucose solutions

formulated with pure water, 100 mM phosphate buffer

solution at pH5, or 100 mM phosphate buffer solution at

35 pH7. The current value responsive to the glucose con-

centration was substantially equal between the pure wa-

ter glucose solution, PBS glucose solution pH5 and PBS

glucose solution pH7.

Blood was used as another sample solution for the

40 glucose sensor. One min after sample supply, a voltage

of +0.5 V was applied between the working electrode 4

and the counter electrode 5 of the electrode system.

Similarly, measurement of the current value after 5 sec

showed a current value dependent on the glucose con-

45 centration in the blood sample solution. The current val-

ue responsive to the glucose concentration in the blood

sample solution was about 96% of the current value re-

sponsive to the glucose solution of the same glucose

concentration.

50

Comparative Example 2

In the same manner as in Example 1 ,
after forming

the first layer containing the hydrophilic polymer, the

55 second layer was formed thereon, using an aqueous so-

lution of a mixture prepared by dissolving 12 mg of hy-

droxyethyl cellulose, 10 mg of GOD, and 16 mg of po-

tassium ferricyanide in 1 ml water to form the reaction

4
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layer 7 containing the hydrophilic polymer, enzyme and

electron acceptor. The total content of the hydrophilic

polymer in the first and the second layer amounted to

1 31% by weight of the glucose oxidase.

Then, the cover 12 and spacer 11 were adhered to

the electrically insulating base plate 1 as in Example 1.

This gave a glucose sensor of Comparative Example 2.

In a manner similar to Example 1 , one min after sup-

ply of the sample solution (3 ul) from the sample supply

port 13, a voltage of +0.5 V was applied between the

working electrode 4 and the counter electrode 5 of the

electrode system. Measurement of a current value after

5 sec showed that the obtained values were dependent

on the glucose concentrations in the glucose solutions

formulated with pure water, 100 mM phosphate buffer

solution at pH5, or 100 mM phosphate buffer solution at

pH7. The current value responsive to the glucose con-

centration in the PBS glucose solution pH5 was sub-

stantially the same as that of the pure water glucose so-

lution. Whereas, the current value responsive to the glu-

cose concentration in the PBS glucose solution pH7 was

about 60 to 70% of that of the pure water glucose solu-

tion, indicating no linear relationship between the cur-

rent value and the glucose concentration. The current

value responsive to the glucose concentration in the

blood sample solution was about 75 to 85% of that of

the pure water glucose solution of the same glucose

concentration. The results suggested that a low current

value increases S/N ratio, which causes a decrease in

the measurement accuracy of the sensor, and that indi-

vidual difference in blood hematocrit level causes an ad-

verse effect on the current value of the sensor.

Example 3

Following the same procedure as in Example 1 , af-

ter forming the first layer containing the hydrophilic pol-

ymer, the second layer was formed thereon, using an

aqueous solution of a mixture prepared by dissolving 10

mg of GOD, 1 6 mg of potassium ferricyanide and 20 mg
of carboxyethyl cellulose in 1ml water to form the reac-

tion layer 7 containing the hydrophilic polymer, enzyme

and electron acceptor. The total content of the hy-

drophilic polymer in the first and the second layer

amounted to 231% by weight of the glucose oxidase.

Sample solutions for the glucose sensor were glu-

cose solutions containing glucose at a concentration of

O to 800 mg/dl, formulated with pure water, 100 mM
phosphate buffer solution at pH5, or 1 00 mM phosphate

buffer solution at pH7. As in Example 1, one min after

. supply of the sample solution (3 u,l) from the sample sup-

ply port 1 3, a voltage of +0.5 V was applied between the

working electrode 4 and the counter electrode 5 of the

electrode system. Measurement of a current value after

5 sec showed that the obtained values were dependent

on the glucose concentrations in the glucose solutions

formulated with pure water, 100 mM phosphate buffer

solution at pH5, or 100 mM phosphate buffer solution at

pH7. The current value responsive to the glucose con-

centration was substantially equal between the pure wa-

ter glucose solution, PBS glucose solution pH5 and PBS
glucose solution pH7.

5 Blood was used as another sample solution for the

glucose sensor. One min after sample supply, a voltage

of +0.5 V was applied between the working electrode 4

and the counter electrode 5 of the electrode system.

Similarly, measurement of the current value after 5 sec

io showed current values dependent on the glucose con-

centration in the blood sample solution. The current val-

ue responsive to the glucose concentration in the blood

sample solution was about 97% of the current value re-

sponsive to the glucose solution of the same glucose

>5 concentration.

Although the glucose sensor was used in the fore-

going examples, the present invention is applicable to

various biosensors utilizing an enzyme-related reaction

system, such as alcohol sensor, sucrose sensor, cho-

20 lesterol sensor, lactate sensor, fructose sensor, and the

like.

The enzyme is not limited to the glucose oxidase,

and other enzymes, such as glucose dehydrogenase,

alcohol oxidase, alcohol dehydrogenase, cholesterol

2$ oxidase, cholesterol dehydrogenase, lactate oxidase,

lactate dehydrogenase, fructose dehydrogenase,

ascorbic acid oxidase, and bilirubin oxidase, may also

be used.

In the foregoing examples, the preventive effect of

30 the first layer containing the hydrophilic polymer against

the adsorbance of protein onto the surface of the elec-

trode system was described using CMC as the hy-

drophilic polymer. Similar preventive effect may be ob-

tained by any cellulose ethers, such as hydroxyethyl eel-

35 lulose, carboxyethyl cellulose, hydroxypropyl cellulose,

carboxyethylmethyl cellulose, and the like.

Furthermore, although the foregoing examples

used CMC, hydroxyethyl cellulose, and carboxyethyl

cellulose as the hydrophilic polymer contained in the

40 second layer, a similar preventive effect may be ob-

tained by any cellulose ethers, such as hydroxypropyl

cellulose, carboxyethylmethyl cellulose, and the like, as

well as amylose, starch and its derivatives.

On the other hand, other than the potassium ferri-

45 cyanide used in the foregoing examples, p-benzoqui-

none, phenazine methosulfate, indophenol and its de-

rivatives, potassium p-naphthoquinone-4-sulfonate,

methylene blue, ferrocene and its derivatives may be

used as the electron acceptor.

so Although the foregoing examples used water as the

solvent for dissolving the hydrophilic polymer, enzyme

and electron acceptor, various buffer solutions, such as

phosphate buffer solution, citrate buffer solution, ace-

tate buffer solution, tris (hydroxym ethyl) aminomethane

55 hydrochloride buffer solution, and the like may also be

used.

In the above-mentioned examples, the enzyme and

the electron acceptor were dissolved in the sample so-

5
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lution, but these components may be fixed to make them

insoluble in the sample solution.

Formation of an additional layer containing lecithin

over the reaction layer may be helpful for smooth intro-

duction of the sample.

In the foregoing examples, although a bipolar elec-

trode system comprised of a working electrode and a

counter electrode was used, a triple electrode system

comprised of a reference electrode in addition to the

above-mentioned two electrodes may facilitate more

precise measurement.

As discussed above, the present invention can pro-

vide a biosensor that facilitates quantification of a target

substance with good accuracy, free from the effect of

any components existing in the sample solution other

than the substrate.

Although the present invention has been described

in terms of the presently preferred embodiments, it is to

be understood that such disclosure is not to be interpret-

ed as limiting, various alterations and modifications will

no doubt become apparent to those skilled in the art to

which the present invention pertains, after having read

the above disclosure. Accordingly, it is intended that the

appended claims be interpreted as covering all altera-

tions and modifications as fall within the true spirit and

scope of the invention.

Claims

1 . A biosensor comprising:

an electrically insulating base plate,

an electrode system including a working elec-

trode and a counter electrode provided on said

base plate, and

a reaction layer containing a hydrophilic poly-

mer, an enzyme and an electron acceptor

formed over said electrode system,

wherein said reaction layer contains said hy-

drophilic polymer in a range of 150 to 1 ,000%

by weight of said enzyme.

2. The biosensor in accordance with claim 1 ,
wherein

the content of said enzyme is 0.5 to 50u.g per sensor

tip.

3. The biosensor in accordance with claim 1 ,
wherein

said hydrophilic polymer is selected from car-

boxymethyl cellulose, carboxyethyl cellulose, hy-

droxyethyl cellulose, hydroxypropyl cellulose, car-

boxyethylm ethyl cellulose, amylose, and starch.

4. The biosensor in accordance with claim 1 ,
wherein

said enzyme is at least one selected from glucose

oxidase, glucose dehydrogenase, alcohol oxidase,

alcohol dehydrogenase, cholesterol oxidase, cho-

lesterol dehydrogenase, lactate oxidase, lactate

dehydrogenase, fructose dehydrogenase, ascorbic

acid oxidase, and bilirubin oxidase.

5. The biosensor in accordance with claim 1 ,
wherein

5 said reaction layer is composed of a first layer con-

taining the hydrophilic polymer and a second layer

containing the hydrophilic polymer, enzyme and

electron acceptor.

10 6. The biosensor in accordance with claim 5, wherein

the hydrophilic polymer included in the first layer is

at least one selected from carboxymethyl cellulose,

carboxyethyl cellulose, hydroxyethyl cellulose, hy-

droxypropyl cellulose, and carboxyethylmethyl cel-

ls lulose.

6
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FIG. 2
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